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Abstract 

From various points of view it is argued that one may find phenomena 
similar to the quantum effects also in macroscopic cases. This forces one to 
give up as a general requirement the assumption of realism as formulated 
by Gill and others. For any potential set of experiments on a limited set 
of units, we find it useful to introduce for these units the concept of a 
total parameter, a set of parameters which is so large that a joint value is 
meaningless. 

1 Introduction. 

There is a large literature on entanglement and on Bell's inequality. The present 
paper is partly inspired by the recent discussions by Gill et al. [7-9] on the one 
side and by Accardi [1-3] and by Hess and Philipp [4-6] on the other side. We 
will not go into the details of these discussions, but we will argue for one matter 
of principle which also is crucial for the developments in Helland [10-12]: One 
cannot exclude the possibility that the phenomena of quantum physics also have 
their counterparts in the macroscopic world. 

We will not in any way question the validity of Bell's theorem: The assump- 
tion of local realism implies Bell's inequality. Also, we agree that this inequality 
of which there exists several variants, is violated by quantum mechanics. The 
theorem itself has been elucidated by many authors, and the violation of Bell's 
inequality by quantum mechanical systems have been verified in numerous ex- 
periments. What we will question here is whether the concept of realism, as it 
is defined in [8-9] and elsewhere really is applicable to all conceivable situations. 
If we want situations with entanglement to be explainable by a local theory, the 
realism assumption cannot by Bell's theorem be applicable to these situations. 
The question we will discuss, is if the assumption of realism in this specific sense 
really is applicable to all conceivable macroscopic situations. 



2 Realism in the Bell-type delayed choice exper- 
iment. 



We follow here the description and the definitions in [9], but we choose for 
reasons that will become clear later to perform a similar discussion for electron 
spins instead of polarized photons. In a single trial of a Bell type delayed choice 
experiment two electrons are emitted from a state with total spin zero. They 
are received by distant Stern Gerlach analysers X and Y, respectively, whose 
settings are determined by devices A and B, respectively. Given the setting 
determined by A, the outcome of analyser X will be ±1, and given the setting 
determined by B, the outcome of analyser Y will be ±1. In [9] it is crucial that 
the devices A and B are randomizers, i.e., that their outcomes are independent 
and completely random. 

Without loss of generality, we let each of the devices A and B choose between 
two settings of the analysers, in the following called 1 and 2. This gives the 
background for the definition of realism in [8-9], namely the existence of eight 
variables Xy, for i,j = 1, 2 in such a way that one always has 

X = X AB , Y = Y AB . (1) 

The variables Xij and Yij were assumed to exist according to a mathematical- 
physical model or a scientific standpoint. In our treatment below we will dis- 
tinguish clearly between mathematical variables and physical quantities. 

In the further discussion in [9] , the indices in X^ were reduced to one index 
by the assumption of locality, and the trivial solution X^ = X was excluded by 
what was called an assumption of freedom. 

3 Mathematical total parameters and real sta- 
tistical parameters. 

As an example, let us consider a single medical patient which can be given 
two different, mutually exclusive treatments a and b. Let A a and X b be the 
expected lifetime of this particular patient under the two treatments, and put 
4> = (A a , A b ). Then each of A° and A b are valid statistical parameters for poten- 
tial models for concrete medical experiments, but <ft is only a mathematical vari- 
able which can be tied to no experiment. In [10-12] such a parameter was called 
a total parameter. Even though it has no experimental connection, mathemati- 
cal operations are meaningful in connection to a total parameter. For instance, 
group operations like time scale changes arc readily defined for <fr above. 

Now return to the situation of the previous Section: A pair of electrons sent 
to two analysers. As in [10-12] we will be careful here to distinguish between 
known and unknown quantities. The latter will systematically be called sta- 
tistical parameters and preferably denoted by greek letters. In particular, the 
notation will be changed from the previous Xij,Yij to Ay, /Uy. That is, we con- 
sider one particular electron pair which has been emitted. Under the specific 
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assumption that the setting of the A-analyser has been chosen as i and the 
setting of the K-analyser has been chosen as j, we expect the output Ay from 
the A-analyser and the output /zy from the K-analyser. 

It may be useful to consider measurements of the electron spin outputs 
that may include measurement errors. In that case Xy may be a possible 
realized output of some concrete experiment with settings % and j, and we may 
construct a statistical model for this experiment with parameter Ay . Our point 
is valid, however, also in the ideal case where Ay after the experiment has been 
performed can be taken to be numerically equal to Ay . 

One of our main points is now the following: The quantity 

4> = (An, A12, A21, A22, Miii / i i2i M217 M22) (2) 

can not be considered as a parameter of any possible experiment. Exactly as in 
the previous example, this must be called a total parameter. 

As in [10-12], such a total parameter can be only considered as a mathemat- 
ical variable. Only functions of </> such as (Ai2,/^i2) which can be tied to real 
experiments may be treated as physical (or statistical) parameters. And only 
such functions may be considered to take a physical value. 

4 The experiment in a total parameter language. 

The experiment discussed above is also known as the EPR-experiment [13] in 
the modification proposed by David Bohm, and it can be crucially connected to 
the paradox considered in [13]. 

In this Section we will describe the two electron spins by vectors 4>\ and 4>2- 
Since components in any direction are functions of this vector, the 6 of - 
after the locality assumption has been imposed - will be a function of (^1, fo). 
In fact, this is typical for modelling with total parameters: One can always 
without loss of generality consider a more detailed model. Sometimes this will 
be enlightening. 

The assumption of zero total spin implies in this model 

4>i = -02 (3) 

What worried Einstein et al. [13] in such a setting was that certain distant 
parts of this system could be predicted with certainty without disturbing the 
system. Specifically, if a spin component is measured to be x a in direction a 
for one electron, then (disregarding measurement error) the spin component 
in direction a for the other electron will be — x a - The point is that a certain 
spin measurement in some direction completely determines the spin state of 
the electron, so a complete state of a particle at a distant position Y can be 
determined from a measurement at A. If the spin in a different direction b is 
measured at A, this determines a different state at Y. 

From such considerations they concluded that quantum mechanics is not 
complete. This is not our concern here. In fact, the results just mentioned are 
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not too difficult to understand from a total parameter modelling point of view. 
What we will try to argue, is that similar phenomena also can occur in our 
macroscopic world. 

5 A macroscopic example. 

In Martens and Naes [14] the multivariate regression modell with two sets of 
regression variables T and U was considered: 

Z = TA + UB + E. (4) 

Here Z is an n x k matrix of response variables, T (n x p) and U (n x q) are 
the possible input variables, A (p x k) and B (q x fc)are the parameter matrices, 
and E is the n x k matrix of errors. 

In the discussion in [14], U was an unknown matrix of latent variables. In 
such cases it is difficult to obtain a good estimate of the parameters A, even if 
the error E is nearly vanishing. 

Also, recall that our definition of a total parameter includes everything that 
is unknown, so the latent variable U can be included in this total parameter. 

For the purpose of illustration, let us neglect the error E, and let us assume 
that all variables T, U are unknown to start with, so that we can consider 
the total parameter (j> — (T, A,U, B). Also, assume that we have two distant 
measurement stations, so that T (and therefore A) are connected to one station, 
while U (and B) are connected to the other station. Assume that the response 
Z has been measured and is known, so that one has 

Z = TA + UB (5) 

Now assume that we measure T. Let P T = r(T'T) _1 T', and let V = 
(I — Pt)U . Then from (J5J we know the product 

VB = {I-P T )Z. (6) 

But this implies that by using principal component analysis, we can find a 
considerable portion of the unknown parameter B. (The simplest case is for 
q = 1, when the k x k matrix B'B is proportional to Z'(I — Pt)Z.) This is 
of course no action at a distance, but information obtained at station 1 implies 
considerable information about what is unknown at station 2. 

From a purely algebraic point of view, there is symmetry between (T, U) 
and (A, B) in equation (J5J. This means that one in principle can imagine a 
complementary experiment where T is unknown, but where one gets accurate 
information about A from some source. By using the same argument again, one 
now obtains accurate information about a large portion of U. Again of course, 
there is no action at a distance. 

Note that a necessary prerequisite for this argument is the restriction that 
the combination Z = TA + UB is known. The analogue in the EPR experiment 
of the previous Section is given by the restriction J3J . 
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6 The relationship to the Born formula. 



Consider any set of experiments which together may be described by a total 
parameter <fr, and let A a = X a (4>) and X b = A b (</>) be two parameters connected 
to complementary experiments: It is impossible to perform both experiments 
on the same system. Then it was proved in [11] that Born's formula, i.e., the 
transition probability between the states associated by the two experiments, can 
be proved essentially from mainly symmetry assumptions. In particular, there 
is nothing in principle in these assumptions that limits one to the microscopic 
world. 

The transition probability that is needed between the states in the Bell-type 
experiment follows from Born's formula. 

Specifically, the assumptions made in [11] are as follows: 

1. $ = {(/>} is a locally compact topological space. There is a transformation 
group G acting on <J> which satisfies certain weak technical requirements so that 
$ can be given a right invariant measure. 

2. There is a set of possible experiments {a}. For each a there is a parameter 
\ a ((f)), for which we assume that a probability model P A (•) exists corresponding 
to experiment a. It is assumed that this experiment can not be extended. 

[Assumptions 3 and 4 concern the random variables of the experiments and 
are not needed here.] 

5. For each pair of experiments a, b there is an element g a b & G such that 
\ b {4>) = X a ^g a b). 

6. If G a is the maximal group which induces a transformation on A a , then 
these groups generate G. 

Remark: Under the assumptions above it was proved in [11] that can con- 
struct a Hilbert space H which is an invariant space under a representation 
W(-) of the group G. 

7. Each parameter A a takes only a finite number of values X%. 

8. The transition probabilities P(A b = A fc |A a = \%) = P(v b \v%) exist and arc 
equal to Y (W {g^W {g)v%) for all g e G. 

9. The set of unit vectors in H is transitive under the group defined by 
{W(g);g € G} together with phase changes. 

Thus to devise a macroscopic example where states can be defined by vec- 
tors in a Hilbert space, and where the Born formula holds, one only has to give 
an example where these symmetry assumptions are satisfied. The example in 
Section 5 satisfies some, but not all of these assumption, but it had a structure 
wich showed some analogy to the EPR experiment. In [10] a macroscopic ex- 
ample is described where the Born formula proved to be useful. Example 3 in 
[12] is also a case in point, although it has very simple transition probabilities. 
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7 On realism. 



To summarize, we have given several indications that quantum mechanical phe- 
nomena may have macroscopic counterparts. How can this be reconciled with 
Bell's theorem, which has the form that the assumption of local realism implies 
Bell's inequality, knowing that Bell's inequality is broken in quant ummechani- 
cal situations? Let us make the brave assumption that one can find examples 
where Bell's inequality is broken also in macroscopic cases. This at least seems 
plausible in light of the previous discussion, and in fact, in [2-3] there is a claim 
that such examples can be found. 

Then the only logical position is to give up the assumption of local realism. 
Since action at a distance is ruled out by special relativity it is the specific form 
of realism assumption that must be given up in certain macroscopic situations 
also. In connection to the delayed choice Bell experiment, this assumption has 
the special form |JI|I. but we will first make a more specific discussion. 

Assume a simple sampling experiment, where, say, n persons are selected 
randomly by an investigator C from a large population, the incomes of the 
selected persons are recorded, and the mean in the sample y is used to estimate 
the mean income in the population. 

In this original investigation no other variables were selected, but of course it 
is known that there is a large number of possible covariables that are correlated 
to income, like property and house size, number of cars, social class, education 
and so on. Assume that another investigator D collects information on a large 
number of such covariables, and then after some trial finds one, which has an 
unusual high value for the sample selected by C. To be definitive, assume that 
this is property size, and that it has the mean x. 

Assume now that D tells his information about property size to another 
investigator E without saying anything about the fact that this is a result of a 
long search among many covariables. Then C and E are possessing information 
about wcalthiness in the sample that are not easy to reconcile. 

Let us assume a final investigator F which is interested in just the wealthi- 
ness of the sample discussed above. Then F knows that he can get some such 
information from C and some from E, but that these parts of information are 
difficult to reconcile. To F there are several options available, including study- 
ing the situation closer in order to get more insight. But our main point is: 
It is not a sensible option for F to choose randomly between the information 
from C and the information from E. In this sense the analogue of the realism 
assumption is inapplicable to this example. 

The example may look special, but it has analogues in many investigations 
performed in the social sciences and in psychology. In these sciences there 
has been a discussion around the concept of positivism - a discussion going 
back to Max Weber and others -, and this discussion has some resemblence 
with the present discussion of realism. In short: Human beings, with their 
double role as subjects for information and collectors of information, are just 
too complicated to be described within the limitations of the language of classical 
natural sciences - as examplified by classical mechanics. If our interpretation of 
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quantum mechanics is correct, nature itself seems to possess some of the same 
complexity. 

Let us study a simpler example: Assume that we have measurements on a 
single unit, and that this unit is destroyed by the measurement process itself. 
Then one can imagine that C intends to measure a variable corresponding to 
a parameter fi and that E intends to measure a quantity corresponding to the 
parameter v. Then this leads to two complementary experiments. 

Of course one can in principle in this situation consider a randomized (or 
otherwise) choice between the experiments proposed by C and E. Imagine that 
this is done by a person F, and that this person is not told the outcome of the 
choice itself, only the result of the performed experiment. This latter experiment 
is then an experiment with a new parameter 9, either fi or v 1 but nobody knows 
which. What one must consider, however, is whether such an experiment has 
any meaning in the sense of giving any information about the real world. 

Now return to the Bell experiment and the realism assumption as expressed 
by Q). This assumption is exactly of the type where information from several 
complementary experiments is mixed. As noted by @ , the parameters of the 
different experiment can be collected to a total parameter, not to an ordinary 
parameter. Then by clever choice of the mechanism generating A and B it 
does not seem quite implausible that one can find cases where the otherwise 
reasonable assumption (Q) does not make sense any longer. 

8 The Mermin example. 

To simplify the discussion, we will consider a popularized version of the Bell 
experiment proposed by Mermin [15]. We have two distant detectors X and Y 
of the same form. Both have switches that can be set in one of three positions, 
labeled 1, 2 and 3. And both have a red and a green light bulb. These two 
detectors are placed on each side of a box O from which pairs of particles emerge. 
For the discussion of locality, it is essential that there is no communication 
between the two detectors before the particles arrive there. 

By letting the detectors contain Stern-Gerlach magnets, and by letting the 
three switch positions determine whether the orientation of the magnets are 
vertical or at ±120° to the vertical in the plane perpendicular to the line of 
flight of the particles, and letting the two lights correspond to spin up and spin 
down, respectively, one will get the following results: 

(a) In those runs in which the switch ends up with the same setting (11, 22, 
or 33) both detectors always flash the same color. 

(b) In those runs in which the switches end up with different settings (12, 
13, 21, 23, 31, or 32) both detectors flash the same color a quarter of the time; 
the other three quarters of the time the detectors flash different colors. 

The main point of Mermin [15] is that these color distributions are impossible 
to reproduce if the states of the two particles are of the types RRG etc., where 
R is red, G is green, the first letter gives the potential response to switch 1, the 
second to switch 2 and the third letter to switch 3. Then in order to reproduce 
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the result (a), the two particles must be in the same state. And in case (b), all 
the states RRG, RGR, GRR, RGG; GRG and GGR will give equal color one 
third of the time. Then, since the remaining states RRR an GGG always give 
equal color, the frequency of equal color must be at least 1/3, in contradiction to 
the empirical result. If all states are equally probable, the probability of equal 
colours at the detectors will be 1/2, twice the observed value. 

In the next section I will propose to resolve this difficulty by what in Larson 
and Gill [16] and elsewhere is called the detection loophole, but which we will 
regard tentatively as a positive effect present in the quantum situation. 

In the spirit of [11], let us agree that a state of some system is given by a 
complete set of questions that can be imposed about the system, together with a 
set of answers to these questions. Then the states of the particles sent out from 
O satisfy this definition, taking the set of potential settings of a detector as the 
complete list of questions. But one may also define various systems including 
the detectors or parts of them. We begin with the simplest case. 

1. Detector X alone defines a system after we have been informed that 
a particle has reached this detector. The different questions are given by the 
switches 1, 2 and 3, and since only one setting of the time is possible, we let a 
given state correspond to only one such question. The answer to this question 
is given by a red light or a green light, that is, an R or a G. Under a simple 
symmetry-assumption concerning O, we have P(R) — P{G) = 1/2 for each 
switch. 

2. Both detectors X and Y together define a system after we have been 
informed that identical particles have reached these detectors. The different 
questions are given by the pair of switch settings 11, 12,..., 33, and the possible 
answers are RR, RG, GR and GG. As already indicated, quantum mechanics 
predicts P(RR) = P(GG) = 1/2 when the switch settings are equal, while 
P(RR) = P(GG) = 1/8 and P(RG) = P{GR) =3/8 when the switch settings 
are different. 

These probabilities can be found from Born's formula, taking some fixed 
state of detector X as given, and then considering the transition probabilities. In 
[10] and [11], Born's formula was derived using certain symmetry assumptions. 
By using a recent variant of Gleason's Theorem due to Busch [17] and others, 
the quantum probabilities are forced upon us by such symmetry assumptions. 

We let in general an effect E be defined as 1) a question: What is the value 
of A fc ?; 2) a set of possible answers: \ b k and 3) for each answer a probability of 
observation pk with < pk < 1. An essential point in the argument in [10-11] 
is that, given any initial state, there should be defined an additive probability 
on these effects. 

Let now the initial state be that in detector X the switch is on 3, and there 
has been a red light. Let us then define two effects connected to the detector 
Y. First, let E\ denote that the switch there is on 1 (question) and that a red 
light has been observed with probability p=l, a green light with probability 0. 
Next, let Ei denote that the switch on detector Y is on 2, and again that a red 
light has been observed with probability 1, a green light with probability 0. 

Now assume a randomized experiment, defining a third effect E: Let an 
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observer choose swich 1 on Y with probability 1/2 and switch 2 with probability 
1/2, and again focus on the red light in the same way. The essential general 
property needed in [10-11] for the derivation of Born's formula is that such an 
E can be defined as an effect, and that one has 

V{E)= l -V{E l ) + \v{E 2 ). (7) 

The argument in [10-11] for 10 in such a setting runs as follows: Instead of 
considering initial switch at X equal to 3 (say) and final switch at Y equal to 2 in 
El-, we should by symmetry get the same probability if we let the initial switch 
at X be 2 (say) and the final switch at 7 be 1. But with this arrangement, E\ 
and E2 are connected to the same experiment, and the additivity Q is fairly 
obvious. Then it also must hold when we transform back. 

Note that the artificial experiment defining E here is of a similar type as the 
experiment of the last example in Section 7. But here it is made meaningful by 
the symmetry argument. It is also crucial that the two particles reaching X and 
Y originated from a common singlet state, so that a joint quantum mechanical 
state for the two particles also could be defined at a later time. In our language 
this means that the colour of the light using switch 3 at X and using switch 
1 at 7 together define an ordinary parameter, not a total parameter. The 
probabilities in J7J) are across different experiments, however. 

For the further arguments leading to the quantum probabilities, we refer to 
[10-11]. 

9 Including the box in the Mermin example. 

The main point of the Mermin example was that the probability of equal light 
colour for different switch settings at X and Y deduced from quantum theory 
(1/4) was incompatible with the straightforward probabilities deduced from the 
box states (at least 1/3). In the spirit of our previous discussion we take this to 
mean that the whole system, detectors and box included cannot be described by 
a single probability model. In terms of possible parameters involved one must 
conclude that that these constitute a total parameter, so that a simple unified 
description is not possible without introducing further variables (like time, space 
or momentum, which some authors have done in the Bell experiment). 

Note that a similar problem does not occur when one has only two switch 
positions on each side. Neither is there any problem if the box and only one 
detector is included in the system. 

In the literature there have been proposed several more or less complicated 
ways to modify entangled quantum systems so that a unified description is 
possible for the modified system. Here we only look at a simple mechanism of 
non-detection. 

Assume that when a particle RGG is sent to a detector, there is a unit prob- 
ability of detection when the switch is in position 1, but a smaller probability p 
of detection when the switch is in position 2 or 3. Similarly, when the particle is 
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characterized by two equal letters, the probability of detection is p for switches 
corresponding to these letters. When the particle has three equal letters, the 
probability of detection is q, again less than 1. 

With this mechanism, the probability of equal light colour at X and Y for two 
different switch positions, by a straightforward classical calculation assuming 
that all types of particles are equally probable, will be 

p 2 +g 2 
4 ' 

Thus adjusting the probabilities such that p 2 + q 2 = 1 will reproduce the quan- 
tum probabilities. More specifically, taking p = \/3/2 and q — 1/2 will result in 
a probability 1 /4 for equal light colour both for particler with two equal letters 
and particles with three equal letters. 

One should note that while Accardi [18] maintains that his chameleon effect 
with which he explains quantum probability is definitely different from non- 
detection, it has at least in some respect a similar appearance. 

In [16], Larsson and Gill discuss the related coincidcncc-timc effect and ob- 
tain quantitative bounds. 

10 Discussion 

I will not in this short paper go into details concerning the experiments described 
in [2-3] nor their critique in [7], and neither will I go into the details of the 
discussion between [4-6] and [8-9]. In fact, a few years ago I was in the jury of 
the public bet connected to the first discussion here, a jury which recommended 
that the bet should be suspended and replaced by scientific discussions. This 
paper may be seen as a contribution to such discussions. 

I have insisted in this paper to treat all unknown quantities as parameters. 
This may be discussed, but it simplifies the treatment. In cases where one in- 
stead want to have random variables instead of parameters, this can be achieved 
by inserting artificial perfect measurement apparata. One of my points is that 
random variables should be related to experiments and not be extended be- 
yond this limit. My distinction between parameters and total parameters in 
this connection may be related to the observation by Hess and Philipp [19] that 
marginal distributions can not always be extended to joint distributions 

It should be emphasized that, while I see parallels between the world of 
quantum mechanics and our macroscopic reality, I will maintain that there are 
clear distinctions between classical mechanics and quantum mechanics. These 
distinctions have been discussed several places, for instance by Bohr [20] in the 
response to [13]. Just in the light of this discussion, it is of some interest that 
Niels Bohr maintained [21] that quantummechanical concepts like complemen- 
tarity also are relevant outside the realm of atomic particles. 

I will claim that there also seems to be a such complementarity between 
scientific disciplines. While traditional statistics is more or less completely based 
upon probability models, quantum theory has formal operator algebra as its sole 
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basis. With a modern epistemological interpretation of quantum mechanics, 
logically there hould be some connection between the two sciences. Thus one 
should strive for a common language so that ultimately a synthesis may be 
developed. 
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